Aggregate exports are not very responsive to real exchange rates, though they respond strongly to trade liberalizations, a fact sometimes referred to as the International Elasticity Puzzle. We use micro data on firms and exports for Ireland to dissect the puzzle. Our identification strategy uses within-firm-year cross-market variation in real exchange rates and tariffs to identify the responses of export participation, export revenue and the product dimension of exporting to these variables. We show that (i) the weak response of export revenue of long-time market participants to real exchange rates is key to the behavior of aggregate exports, (ii) export participation also responds less to real exchange rates than to tariffs, but this alone cannot explain the puzzle; and (iii) the revenue response of long-time market participants cannot be accounted for by product entry responses. Hence any model that can successfully account for the puzzle needs to match the intensive margin responses of exporting firms.
Introduction
Aggregate exports are not very responsive to movements in real exchange rates. As a result, standard calibrated models of international business cycles typically assume a low elasticity of substitution between home goods and foreign goods (in the range 0.5 to 1.5) in order to match comovements of relative prices and relative quantities at a business cycle frequency.
However elasticities of substitution in this low range are at odds with evidence on the response of exports to tariff liberalizations and changes in trade costs. It is typical to use elasticities on the order of 3 to 12 to calibrate the exact same models to match trade facts. This discrepancy is sometimes referred to as the International Elasticity Puzzle. 1 This puzzle is not purely a theoretical curiosity. The absence of a tractable framework which can match both macro facts and trade facts is a major obstacle to quantitative work on any question that simultaneously touches on intertemporal and intratemporal trade. 2 In this paper we provide direct evidence on the origins of the International Elasticity Puzzle at the firm level.
We thereby provide guidance on how to modify standard models in order to resolve the puzzle.
We use 14 years of micro data on firms and exports for Ireland to provide this evidence.
Using firm-year fixed effects to control for costs, we estimate the responses of export participation, export revenue and the product dimension of exporting at the firm-market level to real exchange rates and tariffs (the "shocks" of our title). We find that controlling for costs, both export participation and the export revenue of long-time market participants respond more strongly to variation in tariffs than to variation in real exchange rates. This revenue response is due not to product entry and exit within the firm and the market, but to the response of the continuing products which account for the bulk of the export revenue of long-time participants. Our estimates imply that revenue responses rather than participation responses are quantitatively key to matching the behavior of aggregate exports. We conclude that in order to resolve the International Elasticity puzzle, models must match the intensive margin responses of exporting firms.
We start by illustrating the International Elasticity Puzzle using a standard model of the exporter's problem. In the absence of adjustment frictions at the firm-market level, and conditional on costs and foreign real demand, the model implies that the elasticity of aggregate exports with respect to the real exchange rate is the negative of the elasticity with 1 Ruhl (2008) coins the term, and also provides a useful survey of the evidence. 2 In addition to Ruhl (2008) , recent papers which address the puzzle are Arkolakis, Eaton and Kortum (2012) and Feenstra, Obstfeld and Russ (2012).
respect to gross ad valorem tariffs (in a CES world, this elasticity is equal to the elasticity of substitution between different goods). The intuition is that conditional on costs and foreign real demand, revenue and profits depend only on the ratio of the real exchange rate and the gross ad valorem tariff. Of course in the real world, since exchange rates and tariffs have different persistence and volatility, costs of adjustment may induce firms to respond quite differently to the two variables. 3 Our goal is to provide clean evidence on whether, and along which margins, firm responses do in fact differ.
As a preliminary to our analysis of the micro data, we confirm the International Elasticity
Puzzle at the aggregate level for Ireland. For the period covered by our micro data, we find that relative exports across pairs of export markets respond more elastically to the relative tariff faced by Irish exporters in the two markets than they do to the bilateral real exchange rate between the pair of markets.
The main part of our analysis makes use of confidential firm and export micro data for
Ireland for the period 1996-2009, constructed by merging customs records with the annual census of manufacturing, mining and utilities, and a comprehensive survey of products produced. In our data, on average more than 75% of export revenue is accounted for by firms which are both incumbent and continuing in the relevant export market. 4 For incumbent and continuing exporters defined at the market level, over 90% of export revenue is accounted for by incumbent and continuing products. 5 Even before we estimate the responses of different margins of exporting to shocks, these facts suggest that the responses of long-time market participants, and in particular the response of their revenue from continuing products, are key to understanding the behavior of aggregate exports.
We next estimate the responsiveness of different margins of exporting behavior at the firm-market level to both market-specific macro variables (real exchange rates and real demand) and firm-market-specific tariffs, constructed using tariff data at the product level from the WTO. Our empirical strategy builds on a substantial literature that estimates reduced form dynamic discrete choice models of export supply with sunk costs of exporting (e.g. Roberts and Tybout (1997) , Bernard and Wagner (2001) , Bernard and Jensen (2004) ). We use firm-year fixed effects to control for heterogeneity in costs across firms and variation in costs within firms over time. This is important, because costs and real exchange rates are not fundamental shocks, but are jointly determined in general equilibrium, and it is only responses of exports conditional on costs that are predicted to be equal (in absolute value) in standard models.
We find that export participation responds to real exchange rates and tariffs broadly in the direction one would expect. Though the exact response of participation varies across the distribution of firm-market pairs, real depreciations of the home currency against that of the destination market tend to increase entry and reduce exit for all firms (vice versa for appreciations). For medium and large firms, tariff reductions tend to increase entry and reduce exit (vice versa for tariff increases). The quantitative impact on participation is larger for tariffs than for real exchange rates. For example, for medium-sized firms with 100-249 employees (the firms whose participation is most sensitive to tariffs) a 10% depreciation of the real exchange rate increases the entry rate for the average market from a baseline of 3% to 3.1% and reduces the exit rate from a baseline of 23% to 22.7%. This would imply an increase in steady state participation of 0.5 percentage points, from 11.5% to 12%. For the same firms, a comparable reduction in tariffs from 10% to zero increases the entry rate from the baseline of 3% to 3.3%, and reduces the exit rate from 23% to 20%. This would imply an increase in steady state participation of 2.6 percentage points, from 11.5% to 14.2%.
In examining the responses of export revenue conditional on participation, we restrict our attention to long-time market participants, as selection bias is a concern for participants who are close to their entry and exit thresholds. Our point estimate of the elasticity of firm-market-level export revenue with respect to real exchange rates is 0.64. Our point estimate of the elasticity of export revenue with respect to tariffs is -2.42. Both elasticities are significantly different from zero, and they are significantly different from each other in absolute value. For the same long-term market participants, looking only at their continuing products, the elasticity of firm-product-market-level export revenue with respect to real exchange rates is 0.80, while the elasticity with respect to tariffs is -2.65. Meanwhile, for these long-term participants, the share of export revenue accounted for by entering and exiting products is more responsive to tariffs than to real exchange rates, but contrary to what one would expect with sunk costs of product introduction, we find that real exchange rate depreciations and tariff reductions tend to reduce the share of revenue accounted for by entering products.
A simple back-of-the-envelope calculation based on our estimates suggests that revenue responses are quantitatively key to explaining the behavior of aggregate exports. Even shutting down the participation margin altogether, aggregate exports would respond with a counterfactually high elasticity to real exchange rates if the export revenue of continuing exporters were to respond to real exchange rates as it does to tariffs. This implies that in order to resolve the International Elasticity puzzle, models must match the intensive margin responses of exporting firms. While sunk costs of export participation are an obvious reason why participation should respond less to real exchange rates than to tariffs, it is less obvious why revenue should respond differently. We point to some potential mechanisms, leaving quantitative and empirical exploration of these mechanisms for future research.
Our work is related to several literatures. As already mentioned, it is very closely related to Ruhl (2008) . In the context of a calibrated two-country general equilibrium model, he finds that sunk costs of export participation can generate big differences between the responses of aggregate exports to real exchange rates (driven by mean-reverting productivity) and tariffs (assumed to be persistent). We provide direct empirical support for his story, though we also point to a key empirical role for differential responses of export revenue conditional on participation in explaining aggregate elasticities. A more recent contribution to the literature on the International Elasticity Puzzle is Arkolakis, Eaton and Kortum (2012) . They propose a model where customers shift relative demand slowly in response to relative price changes.
Their model can explain why short-run and long-run aggregate responses to the same variable differ. But it cannot explain why over the same time horizon, exports respond differently to real exchange rates and tariffs, something we observe strongly in the micro as well as the macro data. Another paper which attempts to rationalize different elasticities is Feenstra,
Obstfeld and Russ (2012). They argue that the elasticity of substitution between home and foreign goods is empirically different from the elasticity of substitution between foreign goods from two different countries. However this cannot explain why (as we document) both at the aggregate and at the firm level, the elasticity of relative exports across pairs of destination markets responds differently to movements in relative prices depending on what is driving the price movements.
Our results also speak to an older theoretical literature which argues that the expenditure- 
Model
To illustrate the International Elasticity Puzzle, and to frame our analysis of the micro data, we present a partial equilibrium model of the potential exporter's problem with both fixed and sunk costs of export participation, as in e.g. Roberts and Tybout (1997) . To fix ideas, we present a version of the model where demand is CES (in the Appendix, we relax this).
For simplicity, we condition on participation in the domestic market, and do not model the firm existence decision. 6 We also make a number of assumptions under which we can treat participation in different export markets as independent decisions after conditioning on a common marginal cost. This is in contrast to, e.g. Morales, Sheu and Zahler (2014) who explicitly allow for dependence of sunk costs of entering a new market on the set of markets the firm is already in.
Demand and marginal cost
The factory gate price that firm i charges to buyers from market k expressed in the producer's home currency is P ik t . Let E k t be the nominal exchange rate between the producer's currency and the currency of market k, and let 1 + τ ik t be the gross ad valorem tariff firm i faces in market k. The foreign currency price actually faced by buyers in market k is the factory gate price converted to foreign currency, inclusive of the ad valorem tariff, i.e.
7 Assume that the demand faced by firm i in market k at time t takes the form:
Here, P k * t is the aggregate price level in market k, expressed in the currency of market k, Q k t is real aggregate demand in market k, and η ik t is a random shock to demand. We make the simplifying assumption that P k * t is a good measure of competitors' prices in market k.
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Firm i faces nominal marginal cost C i t of serving all markets, expressed in terms of domestic currency. 9 Real marginal cost isC i t = C i t /P t , where P t is the aggregate price level in the home market.
Intratemporal optimization, revenue and profits
We assume that prices are flexible. Then it does not matter which currency is used to set prices, and moreover, the optimal price conditional on participation is chosen to maximize current profits only. A firm which participates in market k chooses the home currency price P ik t to maximize real profits at time t, where this is given by: 7 We ignore trade costs here, though we allow for them in the empirical part of the paper. 8 We do not allow for the possibility that exchange rates may have different effects on competitors' prices than tariffs do. 9 Our identification strategy relies on marginal cost being scale-independent.
Given the CES assumption, the optimal home currency price is a constant markup over home currency nominal marginal cost:
Maximized real revenue is then given by:
Here, we have rearranged to show explicitly how revenue depends on the real exchange rate,
Maximized real gross flow profits are given by this expression divided by θ. Note that, holding fixedC i t and Q k t , revenue and hence profits depend only on the ratio of the tariff to the real exchange rate.
The International Elasticity Puzzle
To illustrate the International Elasticity Puzzle, suppose there are no fixed or sunk costs of market participation. Because the profits implied by (4) are always positive, all firms participate in market k. Further, assume that all firms in the home country have the same real marginal costC t . Let J j denote the set of home firms that face tariff τ jk t in market k at time t. Summing across the export revenue from market k of all firms i such that i ∈ J j , we get
This implies that aggregate product-j export revenue from market k relative to market k can be written:
where by definition, RER
Clearly, the elasticity of relative export revenue with respect to the real exchange rate is equal to the negative of the elasticity of relative revenue with respect to the relative tariff faced by home firms in the two markets.
We show in the Appendix that this prediction does not depend on the assumption of CES demand, though with non-constant markups, the elasticity of revenue with respect to the real exchange rate is not equal to the price elasticity of demand as it is in the CES case.
One manifestation of the International Elasticity Puzzle is the fact that when an equation like (6) is estimated using aggregate data, the elasticity of relative exports with respect to real exchange rates is lower than the elasticity with respect to relative tariffs (expressed in absolute value). We presently illustrate this fact using aggregate data for Ireland. Another manifestation is the fact that when a general equilibrium model which nests an exporter problem like the stripped-down version outlined here is calibrated to match comovements between prices and quantities, the appropriate choice of θ depends on the source of changes in relative prices.
Dynamic optimization and participation
Of course not all firms participate in all markets. Now suppose there is a fixed cost F k in real terms of participating in market k in any period, and a sunk cost of entry S k , also in real terms. 10 The firm's decision about whether or not to participate in market k is forward-looking decision in the presence of sunk costs.
be a vector of firm-and-market-specific exogenous state variables.
The firm's dynamic problem can then be written:
The solution to this problem is a policy function for participation, where the optimal policy depends on the endogenous and exogenous state variables of the firm's problem,
A familiar way to write this optimal policy is in the form of a threshold for participation in terms of one exogenous state variable, where the threshold is a function of past participation, as well as the remaining exogenous state variables of the firm's problem. For example:
The existence of sunk costs per se need not imply that participation (and hence aggregate exports) respond differently to real exchange rates and tariffs. But the fact that tomorrow's participation threshold depends on today's participation decision implies that some part of the payoff from entering (or deciding to stay in) market k today comes through the expected future net benefit of participation, rather than just the net benefit today. This implies that the sensitivity of the participation thresholds to an innovation in RER k t or τ ik t will depend on the process from which the innovation is drawn. Although holding constant costs and foreign aggregate demand, profits depend only on the ratio of tariffs and real exchange rates, if tariffs are more persistent and less volatile than real exchange rates, participation today will respond more to a change in tariffs today than to the equivalent change in real exchange rates. This is because the impact of the tariff change on the expected future net benefit of participation is greater than the impact of the equivalent real exchange rate change. As a result, aggregate exports will respond more to tariffs than to real exchange rates. This explanation for the International Elasticity Puzzle is proposed by Ruhl (2008) . We use micro data to test it directly by estimating reduced form approximations to (4) and (8) .
Replicating the International Elasticity Puzzle
As a preliminary to our analysis of the micro data, we use aggregate data for Ireland to confirm that aggregate exports respond more to tariffs than to real exchange rates. We collect Comtrade data on bilateral exports from Ireland to a select set of destination markets at the HS6 digit level for the period 1996-2009. 11 We construct bilateral real exchange rates between Ireland and each destination market using data on annual average nominal exchange rates and CPIs from the IMF's International Financial Statistics. We use the CPI data and data on National Accounts from from the World Bank's World Development Indicators to construct a measure of real aggregate demand in each destination market. We collect data 11 The destinations are listed in the Appendix. They are the same destinations we use in our analysis of the micro data. on the tariffs faced by Irish exporters in these destinations at the HS6-digit level from the WTO. The macro and tariff data are described in detail in sections 5.3 and 5.4. Using this data, we take logs of (5), and estimate the following equation:
In this expression, r jk t is the log of revenue from exports of product j to country k. α k is a destination-market fixed effect. c j t is a product-year fixed effect. The vector z jk t contains the log of the real exchange rate, the log of real demand in the destination market, and the log of one plus the ad valorem tariff.
The results from estimating (9) are reported in Table 1 . The estimated coefficient on the log real exchange rate is 0.42 (standard error 0.15), the estimated coefficient on log real foreign demand is 0.54 (standard error 0.13), while the estimated coefficient on the tariff variable is −1.57 (standard error 0.24). Irish exports respond more elastically to tariffs than they do to real exchange rates, though the difference between the elasticity with respect to real exchange rates and the (absolute value of the) elasticity with respect to tariffs is lower than some estimates in the literature.
Empirical strategy
We now turn to our analysis of the micro data.
Export participation
Motivated by equation (8), the standard reduced form export participation equation (e.g.
Roberts and Tybout (1997)) regresses a participation indicator on an indicator for lagged participation, a vector of (lagged) variables that are intended to capture time variation in costs at the firm or plant level, time fixed effects, and plant or firm fixed or random effects.
In our baseline specification, we modify this approach along two dimensions.
First, because we observe participation at the level of the firm-market pair, we can use firm-year fixed effects to control for time-varying marginal cost at the firm level. This is important given our focus on the sensitivity of participation to real exchange rates and tariffs. It allows us to clean out that part of both real exchange rates (and less importantly) tariffs that may have an effect on participation in all export markets through their effect on marginal cost. As a result the effects of these variables on participation are identified purely from within-firm-year variation across markets.
Second, we allow the response of participation to real exchange rates and tariffs to differ across firm-market observations by interacting these variables with variables which vary at the level of the firm, the market and the year. We do this because the participation of firm-market pairs close to their entry or exit thresholds should be more sensitive to real exchange rates and tariffs than the participation of firm-market pairs that are far from these thresholds. And as equation (8) implies, these thresholds (expressed in terms of the idiosyncratic demand shock η ik t ) differ systematically with firm-market characteristics. Imposing a uniform sensitivity across all firm-market-year observations could lead us to underestimate the impact of shocks on the participation decision.
The resulting estimating equation is:
Here, α k is a market-specific effect which captures any time-invariant factors (e.g. trade costs) which lead the probability of participation for all firms to be greater in some markets than others. c i t is a firm-year fixed effect which captures the first-order effect of marginal cost on participation, as well as any effects of other variables that are common across all markets for a given firm at a point in time. Because we estimate a linear probability model, it is straightforward to condition out these fixed effects. s ik t−1 is a vector of variables which in the baseline specification includes an indicator for lagged participation, a vector of indicators for lagged firm size, 12 the indicators for size interacted with lagged participation, and the log of lagged real revenue from the relevant market interacted with lagged participation. z ik t is a vector of macro and tariff variables. The baseline vector contains the real exchange rate between the home market and market k, a measure of real demand in market k, along with a firm-market-year-specific ad valorem tariff. These variables are constructed as described below in sections 5.3 and 5.4. Finally, ε ik t is the error term (implicitly, a transformation of the idiosyncratic demand shock). We cluster standard errors at the market-year level.
We also examine the possibility of dynamic responses to the variables of interest by estimating dynamic entry and exit equations based on differencing the entry and exit equations implied by (10) , and including lags of ∆z ik t . 12 The level effect of firm size is soaked up by the firm-year fixed effects.
Export revenue
Based on (4), we estimate the following empirical specification for export revenue conditional on participation:
Here, r ik t is log export revenue of firm i from market k at date t. As in the participation equation, α k is a market-specific fixed effect which captures time-invariant reasons why revenue might be higher for all firms in some markets than others. c i t is a firm-year fixed effect which captures marginal cost, as well as any other factors common across markets for a given firm at a point in time. z ik t is as above a vector of macro and tariff variables, whose construction is described in sections 5.4 and 5.3. η ik t captures anything that is idiosyncratic to the firm, market and year (e.g. idiosyncratic demand shocks).
A potentially important issue in estimating (11) is selection. We only observe export revenue for firm-market-years where X ik t = 1. As we describe above, participation depends on the same unobserved idiosyncratic shocks to demand which appear in the revenue equation. This implies that for firm-market-years close to their entry and exit thresholds, the expectation of η ik t conditional on the independent variables need not equal zero. There are several aspects of our setup which make the standard approaches to controlling for selection (such as a Heckman correction) inappropriate or tricky to implement. The most obvious of these is the absence of any variable that plausibly affects export participation but not export revenue. Since we use a linear probability model in the first stage (motivated by our desire to use fixed effects to control for marginal cost), we cannnot rely on identification through nonlinearities. So instead, what we do is to restrict our estimation sample to a set of firm-market pairs we think likely to be far from their participation thresholds. Our implicit assumption is that for these observations, the distribution of idiosyncratic shocks η ik t is not truncated. Our baseline estimation sample is firm-market observations for which we observe at least 10 years of continuous participation, and no in-sample exit. If entry is observed in-sample, we drop the first two years of participation. This approach is not ideal, but it has at least the merit of transparency. We check the robustness of our results to varying the estimation sample. Under all specifications, we cluster standard errors at the market-year level.
We also examine the possibility of dynamic responses to the variables of interest by estimating a dynamic version of (11) in differences:
As with the baseline revenue equation, we cluster standard errors at the level of the market and the year.
Product-level analysis
The firms in our data produce and sell multiple products. 13 The model we describe above can be extended to take account of this in a straightforward way by defining the problem at the level of the firm, the product and the market instead of at the level of the firm and the market. Based on this, we exploit the product-level data to investigate the responses of long-time market participants to real exchange rates and tariffs along two dimensions. First, we estimate the response of firm-product-market revenue from continuing products sold by long-time market participants to real exchange rates and tariffs. Second, we examine the extent to which long-time market participants respond to real exchange rates and tariffs by introducing new products or by retiring existing products.
Revenue from continuing products
We estimate an analog of the revenue equation (11) at the level of the firm, the product and the market. Our baseline estimating equation is:
We include all continuing-product observations for firm-market pairs included in the baseline estimation of (11). We include firm-product-year fixed effects c ij t to control for marginal cost. Implicitly we assume that marginal cost is the same across markets within a firm, a product and a year. The construction of the tariff variable used in this equation is described below in section 5.4. As with the baseline revenue equation, we cluster standard errors at the level of the market and the year.
We also estimate a version of (12) in differences:
Here, we include only firm-year fixed effects, assuming that the time-varying component of marginal cost is common across products within a firm, while constant firm-product differences in cost levels are differenced out. We again cluster standard errors at the level of the market and the year.
Entry and exit of products
While it is easy to define the set of possible markets a firm might export to, it is less obvious how to define the range of products it might export. Clearly the firm could export products that it already produces, but it could also start producing and exporting entirely new products in response to changes in exchange rates or tariffs. Given this, we do not treat entry and exit of products symmetrically with participation at the market level. Instead, we regress the share of export revenue at the firm-market level that is due to entering products and the share of export revenue that is due to exiting products on a similar set of independent variables to those included in (11), our revenue equation at the firm-market level:
Here, shenter ik t and shexit ik t are given by:
In these expressions, R ijk t is revenue of firm i from product j in market k at date t, and J ik t is the set of products that firm i sells in market k at time t. For exiting products, we also experiment with lagging the dependent variable one period relative to the independent variables. The interpretation of c i t in (13) and (14) is somewhat different from the interpretation of the fixed effects in (11) and (12), as it captures variation in entry and exit shares that is common across markets within a firm at a given point in time. This may be due to costs, but it may also be due to the product cycle specific to that firm. The tariff variable in (13) and (14) is constructed as in the baseline participation equation, using production weights.
The estimation sample is restricted to the firm-market pairs included in the estimation of (11). We cluster standard errors at the level of the market and the year.
Data

Micro data
Our work makes use of three sources of confidential micro data made available to us by the Central Statistics Office in Ireland: the Irish Census of Industrial Production (CIP), Irish customs records, and the Irish Prodcom survey.
Census of Industrial Production
The CIP, which covers manufacturing, mining and utilities, takes place annually. Firms with 3 or more persons engaged are required to file returns. 14 We make use of data for the years 1996 to 2009 and for NACE Revision 1.1 sectors 10-40 (manufacturing, mining and utilities). Of the variables collected in the CIP, those relevant for our purposes are the country of ownership, total revenue, share of revenue that is exported, employment, wage bill, expenditures on intermediates and imported share of intermediates.
In constructing our sample for analysis, we use the CIP as a basis. We drop firms that have a zero value for total revenue or zero employees in more than half of their years in the sample. We perform some recoding of firm identifiers to maintain the panel dimension of the data, e.g. in cases where ownership changes. As an export platform, Ireland is home to some large foreign-owned firms which may have very small shares of domestic value added relative to sales, and which do not participate at all in the domestic market. In order to focus on firms whose behavior we think likely to be more generally applicable, we drop firms which report in the CIP that less than 0.5% of their revenue comes from sales to the Irish market.
Further details on the data and how we have cleaned it are provided in the Appendix.
Customs records
Our second source of data is customs records of Irish merchandise exports for the years 1996 to 2009. We also have import data, but we do not make use of it here. The value (Euros) and quantity (kg) of exports are aggregated to an annual frequency at the level of the tax ID, the Combined Nomenclature (CN) 8-digit product, and the export market (country). These data are matched by the Central Statistics Office to the CIP data using tax ID numbers, which are distinct from the firm and plant identifiers in the CIP, along with other confidential information. We have access only to the customs records that are matched with a firm ID number. This includes firms that are present in the CIP and a few firms that are not. We restrict attention to the records that match with CIP firms.
The CSO informs us that their ability to match the customs records to firm IDs is limited A key feature of customs data in the EU is that data for intra-European and extraEuropean trade are collected separately, using two different systems called Intrastat and
Extrastat. For Ireland, the reporting threshold for intra-European exports (635,000 Euro per year) is much higher than the reporting threshold for extra-European exports (254 Euro per transaction). 15 Because our measure of participation is truncated for Intrastat markets, we do not make use of these markets in our baseline estimation of the participation equation.
However we do make use of these markets to examine the behavior of long-time market participants.
Overall, we restrict attention to Ireland's largest export markets, and to Eastern European countries which joined the EU during the period of our sample. In the Appendix, we list the export destinations used in our empirical analysis. The full sample of countries (both While in principle this survey covers almost all CIP firms, in practice, coverage is imperfect (on average 94% of total CIP turnover). We make use of the value data, but not the volume data from this survey. We use these data solely for the purpose of creating measures of tariffs at the firm-market level. In order to use the Prodcom data for this purpose, we concord the Prodcom classification with the HS6 classification for tariff data.
Summary statistics on firms and exports
All of the summary statistics we report here are for our baseline sample of CIP firms, excluding those reporting less than 0.5% of revenue originating from the Irish market. Table 2 reports the share of total exports by market in our sample for a select set of export markets. These shares differ from those for all CIP firms (which are very similar to those based on published data on all merchandise exports), but the relative ranking of different markets is not very different. The main export markets for our firms are the US, the UK and other EU markets, principally the Euro Zone.
We replicate using our data many of the stylized facts about non-exporters and exporters which are familiar from micro data for other countries. Table 3 reports summary statistics on non-exporters and exporters separately for all years in our sample. Firms are classified as exporters if they are matched with positive exports from the customs data. 18 As is standard in both developed and developing countries, we find that exporters are bigger than firms which sell exclusively to the domestic market, in terms of both employees and total revenue. Export intensity is relatively high, a feature of the data which is typical of small open economies in Europe. Table 4 reports transition rates into and out of exporting. As has been documented elsewhere, there is a good deal of persistence in export status. For individual markets, rates of entry are lower and rates of exit are higher, but exporting to a particular market is still persistent. 19 It is also worth noting that almost half of export entrants are "born global."
Unfortunately, our empirical strategy does not capture this mode of export entry, as it relies on lagged variables at the firm level.
In Table 5 , we report the share of total matched export revenue accounted for by export entrants and exiters on a year-on-year basis. We also report for incumbent firms the share of revenue accounted for by entering products, and for continuing firms the share of revenue accounted for by exiting products. 20 On average, on a year-on-year basis, 87% of export revenue is accounted for by incumbent firms selling incumbent products, while 84% of export revenue is accounted for by continuing firms selling continuing products. This is important, because it suggests that the elasticity of this category of revenue with respect to macro variables and tariffs is likely to be quantitatively very important in explaining the elasticity of aggregate exports with respect to these variables on a year-on-year basis.
In Table 6 , we report average export revenue per entrant as a share of revenue per incumbent, and average export revenue per exiter as a share of revenue per continuer. We also report for incumbent exporters the average revenue per entering product as a share of the average revenue per incumbent product, and for continuing exporters, the average revenue per exiting product as a share of the average revenue per continuing product. Entrants and exiters export less on average than incumbents and continuers (this size difference would be even greater ignoring firms that are born global, and those that exit from the domestic market simultaneously with exiting from exporting). The size difference is even more marked at the product level. customs data to firm IDs. 19 In the Appendix we report transition rates for a number of Extrastat markets, including the US. 20 In the Appendix we report similar statistics, where instead of defining entry as entry into exporting, we define entry as entry into a particular export market (we define exit analogously). The relative shares are broadly similar under this alternative definition, and these are the numbers we refer to in the Introduction. 21 As with Table 5 , in the Appendix we report these statistics defining entry as entry into a particular export market rather than entry into exporting, and defining exit analogously. Defined in this way, entrants and exiters are even smaller relative to incumbents and continuers. movements in aggregates due to entry and exit, there must be very large responses of entry and exit rates to shocks.
In the last row of Tables 5 and 6 term impact of export entry and exit. We find (as is the case for other countries) that over longer horizons, entrants and new products account for a much bigger share of total export sales, consistent with entrants and entering products growing faster than incumbents and incumbent products. This suggests that the impact on aggregate exports of any participation responses to macro variables and tariffs will be bigger in the long run than in the short run.
Macro data
We include two macro variables in our regressions. The first is the real consumption exchange rate between Ireland and the relevant export market. The second is a measure of real local currency demand in the relevant export market. Real exchange rates are constructed using data on annual average nominal exchange rates and CPIs from the IMF's International Financial Statistics. The bulk of the variation in real exchange rates is driven by variation in nominal exchange rates (this is illustrated in the Appendix). Real demand in the target market is calculated as GDP in current local currency, less exports in current local currency, plus imports in current domestic currency, with this aggregate deflated by the relevant country's CPI. The National Accounts data are taken from the OECD where available, and otherwise from the World Bank's World Development Indicators. The CPIs are taken from International Financial Statistics. More details are in the Appendix.
In our baseline empirical specifications, the coefficients on real exchange rates and foreign demand are identified by variation across markets within a firm and a year in the deviation of the real exchange rate (or demand) from its in-sample average for that market across all sample years. In the Appendix, we use the raw real exchange rate and demand data to provide histograms of the identifying variation in these variables.
Tariff data
To construct measures of tariffs at the firm-market or firm-product-market level, we require raw data on tariffs at the level of the individual product and market. We take this tariff data from the WTO. Irish exporters do not face tariffs in EU, Eastern European or EFTA export markets in our sample period. For WTO member countries with which the EU does not have any special agreement, Irish exporters face the MFN tariff. In some non-EU non-EFTA markets (e.g. Turkey), Irish exporters face a preferential tariff offered to exporters from the EU. In all of the cases where Irish exporters face tariffs, conditional on Irish membership of the EU, the actual level of tariffs is determined by multilateral bargaining under the auspices of the WTO (MFN tariffs) or bilateral bargaining between the EU the relevant partner country (preferential tariffs). Given that Ireland is one small member of the EU, this makes us fairly confident that we can assume that tariffs are exogenous to our firms. We collect MFN tariff data for the following countries: Australia, Brazil, Canada, China, Hong Kong, India, Japan, Malaysia, Mexico, New Zealand, Russia, Saudi Arabia, South Africa, Thailand, United Arab Emirates and the US. We also collect information on preferential tariffs offered to EU countries by Turkey. For several of the developing countries in the sample, tariff data are not available for all of the sample years. Full details of the tariff data coverage are in the Appendix.
To make use of the tariff data, we concord it with our export and production data.
The most disaggregated level at which a concordance is possible is the 6-digit level. The CN 6-digit and the Prodcom 6-digit correspond to the Harmonized System (HS) 6-digit classification, which is used by all countries as the basis for their tariff lines. We restrict attention to HS6 product-market-years for which there are no non-ad-valorem tariffs, 23 and for which there is no within-HS6 tariff variation. 24 For some purposes, HS6 categories must be concorded over time, as the HS6 classification changes in 2002 and 2007. For simplicity, when a concordance is required, we focus on HS6 categories for which there is a one-to-one match.
In our baseline empirical specifications, coefficients on tariffs are identified by variation across markets within a firm and a year in the deviation of tariffs from their in-sample average for that market across all sample years, and across all firms. In the Appendix, we use the raw tariff data at the product level to illustrate the fact that for tariffs, the key source of variation is cross-sectional variation across markets, while there is very little time series variation. The main source of time-series variation in our tariff data is the gradual phasing-in over the period 1996-2005 of MFN tariff reductions agreed in the context of the Uruguay Round of the WTO, which was signed in 1995.
Firm-market-and firm-product-market-specific tariffs
In creating a tariff variable for the right hand side of participation equation, we assume that the tariffs on the products a firm produces provide a good guide to the effective degree of protection faced by the firm in deciding whether or not to participate in a market. Our baseline measure of the tariff variable for the participation equation is:
where psh ij t is the share of product j in firm i's total production at date t, and τ jk t is the ad valorem tariff on good j in market k at time t. In robustness tests, we also make use of measures which weight using contemporaneous or lagged production shares. Note that we weight the log of the gross tariff rather than taking the log of the weighted gross tariff.
In constructing the tariff variable for the revenue equation at the firm-market level we use a similar approach, but instead of using production shares across different products to weight different tariffs, we use export revenue shares from the relevant market:
where rsh ijk t is the share of product j in firm i's total export revenue from market k at date t. In robustness tests, we also make use of alternative tariff measures which weight using contemporaneous or lagged export revenue shares, and the average of current and lagged production shares. For robustness tests where we estimate in differences, analogous weighting schemes are used, but on differenced tariffs, ∆ ln 1 + τ jk t .
In principle, no weighting should be needed for the tariffs in our firm-product-level revenue equation, (12) , because each CN 8-digit category maps into at most one HS 6-digit category.
In practice, the concordance of CN 8-digit categories over time (necessary in order to include the appropriate fixed effects in the regression) leads to cases where a concorded product category maps into one or more HS6 categories. In these cases, we use an analogous weighting procedure to that used at the firm-market level. Table 7 reports the results from estimating equation (10) . As already mentioned, we restrict our baseline estimation sample to Extrastat countries and to the period 2000-2009, as this is the sample for which participation is most accurately measured. We first control only for lagged participation, then introduce macro variables and tariffs, and finally allow responses to these variables to vary across the distribution of firms by allowing for increasingly richer sets of interactions. We note that especially for tariffs, but also for the macro variables, imposing the same response across all firm-market pairs (column (2)) would lead to misleading inference, as responses vary significantly with firm-market characteristics. As a result, we make the specification which interacts the macro variables and tariffs with lagged participation, lagged firm size and lagged sales in the market our baseline (column (5)).
Results
Participation
To make it easier to interpret the estimates in column (5), Table 8 reports the marginal effects of the variables of interest on participation, by firm size and lagged participation status. 25 For incumbents, these marginal effects are evaluated at the median of lagged log revenue for the relevant size class. We find that participation responds to real exchange rates in the direction predicted by theory: a depreciation of the home real exchange rate vis-a-vis the destination market induces entry, while an appreciation induces exit. Similarly, higher real demand in a destination market induces entry, while lower demand induces exit.
For potential entrants, the response of participation to these variables varies with sizelarger firms are more likely to be induced to enter by a given shock than smaller firms. For incumbents, responses are more uniform across size classes. For tariffs, the responses are less precisely estimated than for the macro variables. The larger two classes of firms respond as theory predicts: higher tariffs reduce entry, and increase exit. For these medium and large firms, the point estimates of the exit responses are quantitatively much greater than exit responses to real exchange rates. For smaller firms, the point estimate of the response to tariffs goes in the "wrong" direction, though the coefficients are not significantly different from zero.
In order to put the magnitude of these marginal effects in context, it is useful to compare the impact of a 10% depreciation of the real exchange rate with the impact of an equivalent 25 Marginal effects for specification (4) are reported in the Appendix.
reduction in the ad valorem tariff from 10% to 0. For firms with 100-249 employees a 10% depreciation of the real exchange rate increases the entry rate from a baseline of 3% (the average entry rate across markets in the sample) to 3.1% and reduces the exit rate from a baseline of 23% to 22.7%. This implies an increase in steady state participation of 0.5 percentage points, from 11.5% to 12%. For the same firms, a reduction in tariffs from 10%
to zero increases the entry rate from the baseline of 3% to 3.3%, and reduces the exit rate from 23% to 20%. This implies an increase in steady state participation of 2.6 percentage points, from 11.5% to 14.2%. Interpreting this, in the long run, participation responds significantly more to tariffs than to real exchange rates, though in the short run (i.e. year-on-year) the impact is more modest.
We examine the robustness of these results along a number of dimensions. All of the robustness results described here are reported in the Appendix. We estimate our baseline specification both on broader samples (Intrastat as well as Extrastat) and on subsamples of the baseline (Irish-owned firms). We examine robustness to using different tariff measures (different weighting schemes and a liberal tariff measure that includes HS6 categories with intra-HS6 tariff variation). We allow for different configurations of fixed effects. The main thrust of the results (participation responds more to tariffs than to real exchange rates) is unchanged under these variations. Using the broader sample of both Intrastat and Extrastat markets results in smaller estimates of the response of participation to real exchange rates, and bigger estimates of the response of participation to tariffs, though as we have already noted, participation is less-well-measured for the Intrastat markets than it is for Extrastat markets. We also split the real exchange rate into its nominal exchange rate and price parts, and find some evidence that responses to prices are bigger than responses to nominal exchange rates. and the results are noisy. We also estimate these entry and exit equations in differences, including lags of the independent variables to allow for dynamic responses. The results are noisy, and sensitive to the number of lags included and the exact sample period. This is not surprising given the short time dimension of our sample, and the lack of time-series variation in tariffs. Table 9 reports the results from estimating our baseline specification of the revenue equation We examine the robustness of these results along a number of dimensions. All of the robustness results described here are reported in the Appendix. We estimate our baseline specification both on different samples (all firm-market observations with positive exports rather than just long-time market participants, and all firm-market observations not included in the baseline) as well as on a range of different subsamples of the baseline (Irish-owned firms, small and medium firms, large firms, Extrastat-only destinations). The results are not very sensitive to whether or not we include firm-market observations that we know are close to entry and exit thresholds. For all subsamples of the baseline, we estimate an elasticity of revenue with respect to real exchange rates that is less than one. However our finding that firm-market level export revenue responds more elastically to tariffs than to real exchange rates is most stark in the case of large firms (250+ employees), and less striking in the case of small and medium firms, and domestically-owned firms. For the Extrastat-only sample, the elasticity of revenue with respect to tariffs is not significantly different from zero. This may be due to the fact that there are relatively few firms which satisfy the continuous participation requirement in Extrastat markets, combined with the fact that this sample has less variation in the tariff variable than the baseline sample.
Revenue
The results are not very sensitive to changes in the way we construct the tariff measure.
When we split the real exchange rate into the nominal exchange rate and price parts, we find very similar coefficients on both nominal and real components of the real exchange rate, and the other results are not affected.
We also allow for different configurations of fixed effects. Perhaps surprisingly, the results when we include only firm, year and market effects (rather than firm-year and market effects)
are very similar to the baseline. When we include firm-market and year effects, the coefficient on tariffs is still negative, but smaller than the coefficient on the real exchange rate in absolute value, and not significantly different from zero. This is consistent with the coefficient on tariffs in the baseline specification being identified mainly by cross-sectional rather than time series variation in tariffs.
To investigate this further, we estimate in differences, including lags of the independent variables to allow for dynamic responses. As in the case of participation, the results are noisy and sensitive to the number of lags included and the exact sample period. The point estimates of accumulated responses are generally consistent with what we find in the cross section, but the standard errors are very large.
Our sample period also allows us to estimate the response of export revenue to a nontariff trade barrier. We exploit the fact that during the period of our sample, a number of Eastern European countries acceded to the EU, the first wave in May 2004, the second wave in January 2007. While accession was not associated with tariff changes (Irish exporters faced zero tariffs in these markets throughout the sample period), it was associated with the elimination of customs controls between Ireland and these destination markets. Because the reclassification of the relevant destinations from Extrastat to Intrastat (and hence how precisely participation is measured) coincided with EU accession, we do not examine the effect of this change on participation. However we can examine how eliminating customs controls affects the export revenue of firms who export continuously to these markets.
To do so, we restrict the sample to destinations where tariffs are always zero (EU, Eastern
Europe and EFTA). In addition to the standard macro variables, we include a dummy for EU membership. The results are reported in Table 10 . The point estimate of the coefficient on this variable is 0.13 (standard error 0.08). Though imprecisely estimated, the coefficient is consistent with a substantial (i.e. 13%) increase in the export revenue of continuing participants from these markets. In the Appendix, we report that this effect is bigger and statistically significant (coefficient of 0.21, standard error 0.09) for small and medium firms, and smaller and much less precisely estimated for bigger firms. These results are consistent with a strong response of revenue to non-tariff as well as tariff barriers for some firms, in contrast to anemic responses to real exchange rates.
Product-level analysis
In Table 11 we report the results from estimating equation (12) . The baseline sample includes continuing products (i.e. products sold in the current year and in the previous year) for the firm-market observations used in the baseline estimation of (11). The estimated coefficient on the real exchange rate is 0.80 (standard error 0.16), the estimated coefficient on real demand in the destination market is 0.15 (standard error 0.17), while the estimated coefficient on the tariff is −2.65 (standard error 0.74). For continuing products within a firm and a market, revenue responds to real exchange rates and tariffs much as we estimate firm-market revenue to respond.
We examine robustness of these results along several dimensions. These results are reported in the Appendix. We apply a similar continuous presence requirement at the firmproduct-market level as the requirement we impose at the firm-market level. We include firm-product and year fixed effects, rather than firm-product-year fixed effects, and firmyear and product fixed effects rather than firm-product-year fixed effects. The results are qualitatively similar for all of these variations. As in the case of firm-market revenue, we estimate in differences, including lags of the independent variables to allow for dynamic responses. The results from this exercise are very noisy.
In Table 12 we report the results from estimating (13) and (14) . The sample is restricted to firm-markets included in the baseline estimation of (11). We report results both for the case where we use the contemporaneous value of the exit share in revenue as the dependent variable, as well as for the case where we use the lagged share. The estimates imply that the share of entering products in revenue decreases in response to both real exchange rate depreciations, and tariff reductions. The same is true for the share of exiting products in revenue, irrespective of whether the current or the lagged value is used as the dependent variable. The (absolute value of the) response to tariffs is greater for the entry and current exit shares. But the direction of these results is somewhat ambiguous. They suggest that new products account for a smaller share of revenue in markets and years where real exchange rates and tariffs are favorable than in markets and years where they are unfavorable. This
is contrary to what the sunk cost model would predict, and contrary to our finding that exit shares are lower when real exchange rates and tariffs are favorable.
Taken together with the results on the response of product-level revenue, the results on shares of entering and exiting products suggest that product entry and exit do not play a big role in accounting for the within-firm-market elasticities we document in Table 9 .
Discussion
Having estimated the responses of different margins of exporting to real exchange rates and tariffs, we would like to know what is the relative importance of these different margins in explaining the International Elasticity Puzzle. We address this question with a simple back-of-the-envelope calculation. This approach is motivated by the fact that our empirical strategy prioritizes clean identification over estimating responses along all dimensions for all firms. As a result, we cannot perform an exact decomposition of the responses of aggregate exports to real exchange rates and tariffs into the responses of different margins.
Suppose we have an economy with a constant number of firms (i.e. ignore firm birth and death). We assume there is one potential export market. In steady state, the number of entrants into exporting is equal to the number of exporters, so the number of firms participating in the export market is constant. We assume that all exporters have identical export revenue conditional on exporting. We ignore the within-firm product margin. We then use our estimates of participation and revenue responses to examine the impact on aggregate exports of a permanent real depreciation of 10%, where the real exchange rate changes from 1 to 1.1, and the impact of a permanent reduction in an across-the-board ad valorem tariff from 10% to 0. In the absence of an elasticity puzzle, the response of aggregate exports to these two shocks should be the same. Implicitly, throughout this exercise, we hold everything else constant (including costs).
To perform this calculation, we need to choose baseline export entry and export exit rates (which imply a baseline steady state participation rate). We use the averages over the sample period of the entry and exit rates for medium-sized firms (100-249 employees) in the Extrastat destinations used in our baseline estimation of the participation equation. The average entry rate for these firms is 3% (this ignores entry by "born globals") and the exit rate is 23%, implying a steady state participation rate of 11.5%.
To calculate the impact of the changes in real exchange rates and tariffs on participation in this exercise, we first multiply our shocks by the estimated marginal effects for mediumsized firms (100-249 employees) reported in Table 8 , and add the implied changes to the baseline entry and exit rates. The 10% real exchange rate depreciation increases the entry rate by 0.1 percentage points (to 3.1%) and reduces the exit rate by 0.3 percentage points (to 22.7%), while the tariff change increases the entry rate by 0.3 percentage points (to 3.3%)
and reduces the exit rate by 3 percentage points (to 20%). We first calculate the short-run impact of the shocks year-by-year, by iteratively applying the changed entry and exit rates to lagged participation and non-participation shares. We then calculate the long-run impact by calculating the steady state share of exporting firms implied by the new entry and exit rates.
To calculate the impact of the shocks on export revenue conditional on participation, we apply the estimated coefficients (β) from Table 11 to the expression R af ter = (1.1)
where we normalize R baseline to 1. For real exchange rates, β = 0.64, while for tariffs, β = 2.42
(we compare an increase in the real exchange rate with a reduction in tariffs). In this simple exercise, we assume no dynamics in revenue responses.
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We combine both participation and revenue responses (by multiplying the new participation rate by R af ter ) to calculate the impact on aggregate exports, and use this to back out an implied elasticity of aggregate exports with respect to the relevant shock, calculated
The results of this exercise are reported in the first two columns of Table 13 . The responses estimated from the micro data imply a difference between the response of aggregate export revenue to real exchange rates and the response to tariffs even greater than what we estimate using aggregate data for the sample period (see Table 1 ).
To understand the importance of the participation margin in generating this result, we shut down this margin of adjustment altogether. When participation does not change in response to a shock, the response of aggregate exports is exactly equal to the response of the export revenue of individual firms. Then our estimates imply an elasticity of aggregate exports with respect to the real exchange rate of 0.64, and an elasticity of aggregate exports with respect to tariffs of 2.42. Hence, the participation margin is not crucial in order to generate differences in elasticities on the order of magnitude of those observed in the aggregate data. Moreover, since our estimates imply that the export participation margin makes aggregate exports respond more to real exchange rates rather than less, the weak response of export revenue conditional on participation to the real exchange rate is crucial in order to generate a low elasticity of aggregate exports with respect to this variable. In this sense, we think the key to the International Elasticity Puzzle lies not in export participation, but in how export revenue conditional on participation responds to the different shocks.
This obviously begs the question as to why (controlling for costs and foreign demand) export revenue at the firm-market level should respond differently to real exchange rates and tariffs. An obvious candidate, building on the work of Ruhl (2008) , is some form of forward-looking behavior and lumpy adjustment which affects export revenue conditional on participation. This, combined with the different processes for macro variables and tariffs in the data could potentially rationalize different revenue responses to the two shocks. Because an explanation of this type would give the right comparative static at all time horizons, and would apply to pairs of export markets as well as to the home relative to the foreign market, it would be more likely to explain the facts we document than the explantions proposed by Arkolakis, Eaton and Kortum (2012) and Feenstra, Russ and Obstfeld (2012).
Within this class of explanations, one obvious possibility is menu costs of changing prices.
Costs of this type create an inaction region with respect to shocks, where the size of the inaction region varies with the persistence and volatility of the process from which the shock is drawn. It could be that firms react to tariff changes but not to real exchange rate movements by changing prices, and that this plays some role in explaining the revenue responses we document. There is considerable evidence out there that prices are indeed sticky, and hence this is an explanation deserving of future research.
An alternative (and possibly complimentary) possibility is that there are costs of adjustment on the quantity side rather than the price side. For example, suppose that firms can engage in costly and irreversible investment in a capital-like customer base that shifts demand conditional on prices not just today but in the future. Under irreversibility, if real exchange rates are less persistent or more volatile than tariffs, an innovation in the real exchange rate today will optimally lead to a smaller investment response than the equivalent innovation in tariffs. As a result, revenue will respond less to the real exchange rate than to tariffs. In the Appendix, we describe a model with these features. This type of expla- 
Conclusion
The International Elasticity Puzzle refers to the fact that standard models incorporating international trade need to be parameterized differently in order to match the comovement of exports with real exchange rates and the response of exports to trade liberalizations. Our goal in this paper is to provide guidance as to how best to modify standard models in order to be able to match both sets of facts with a single set of parameters. In order to do this, we estimate the responses of export participation, export revenue and the product dimension of exporting at the firm-market level to both real exchange rates and tariffs. We exploit the structure of our data to control for marginal cost, identifying responses from within-firm-year cross-market variation in real exchange rates and tariffs.
We find that the weak response of export revenue of long-time market participants to real exchange rates is key to the behavior of aggregate exports. At the same time, export participation also responds less to real exchange rates than to tariffs, but this alone cannot explain the International Elasticity Puzzle. Finally, responses of product entry and exit of long-time market participants do not play an important role. Our results imply that for a model to successfully account for the puzzle, it must capture the fact that export revenue conditional on participation responds more elastically to tariffs than to real exchange rates.
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